Introduction
A gel can be defined as a 3-dimensional structure composed of a heterogeneous 2 phase system comprising a liquid (dispersed phase) within a solid (continuous phase). The structures of gels are diverse and they can be formed in many ways and from many liquid and solid combinations. 1 Supramolecular self-assembly of 3D networks of low molecular weight gelators (LMWGs) usually occurs through physical interactions such as π stacking, hydrogen bonding or Van der Waals interactions. These come together to form a structure that is capable of holding a liquid within its construction. 2, 3, 4 Gels of this type have been found to have diverse applications in food, cosmetics, batteries, membranes, catalysts, medical devices and environmental remediation 5 (oil spills, metal removal). The design of new LMWGs is a challenging task, and building an understanding of the interactions that drive gel formation is an essential prerequisite. Interactions between the gelator molecules and between the liquid component (solvent) and the gelator all have to collaborate in order to achieve a gel state. Using solvent parameters 6 and solubility parameters 7, 8 could aid the rational design of gels. Examples of ionic liquid gels based on LMWGs are uncommon. One of the earliest observations of ionic liquid LMWG gel formation occurred when an ether containing IL was used as a solvent for amide-group-enriched glycolipids. 9 IL gelation was reported for a cholesterol based structure containing a glucopyranosyl unit. The LMWG itself was insoluble in the ionic liquid so a co-solvent needed to be added, (acetone in this example), the gel formed as the co-solvent evaporated. The use of a co-solvent is a disadvantage due to safety concerns, environmental impact, and the potential to introduce further impurities. 10 Two excellent gelators for ILs (imadizolium, pyridinium, pyrazolidinium, piperidinium, morpholinium and ammonium salts.), both based on aspartame were previously reported. 11, 12 In another example 12-hydroxystearic acid has been observed to act as an LMWG to form a gel with 1-hexyl-3-methylimidazolium bistriflimide, ([C 6 MIM][NTf 2 ]). 13 Bis(4-octanoylaminophenyl) ether, bis(4-octanoylaminophenyl) methane and 2,4-bis(octanureido) toluene were found to gel ionic liquid ([C 4 mim] [PF 6 ]) and the electrochemical properties measured for the ionic liquid gels were similar to those of the pure ionic liquid. 14 Quasisolid-state materials were constructed using the LMWG 1,3:2,4-di-O-benzylidene-D-sorbitol (DBS) and used in DSSC solar cells. 15 Organometallic gelators 16 have been shown to gel a range of ionic liquids (imadizolium pyridinium, pyrazolidinium, piperidinium and ammonium salts). Other classes of ionic liquid gels are discussed elsewhere. 17 Despite wide acceptance that hydrogen bonding occurs in ionic liquids, it is relatively poorly understood. 18 This stems from the fact that the hydrogen bonding interactions in ionic liquids are coupled with ionic interactions, making them difficult to measure. Kamlet-Taft parameters are an easily accessible method of quantifying the bulk properties that result from hydrogen bonding.
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These empirical polarity Kamlet-Taft parameters are widely measured for ionic liquids. 20, 21 This multiparameter methodology is broken down into polarizability, π * , hydrogen bond acceptance, β, and hydrogen bond donation, α. 19 β and α values are used in this study as they relate more closely to hydrogen bonding than π * . 19, 27 β values are the most accurate of the parameters as they are measured by testing the ionic liquid against two probe solvents, one known to be hydrogen bonding.
Studies have shown that the β value depends largely on the anion, varying the cation does not greatly affect the β value. 22 α values are the most variable of the Kamlet-Taft parameters as they are not measured directly but based on the E T 30 and π * values. Despite the variations that occur, it has largely been shown that the α value is dominated by the cation, particularly those cations with traditional hydrogen bond donor species attached, such as OH groups. 22 We report the formation of low molecular weight gels with 21 different ionic liquids. 
Results and discussion
In this study three low molecular weight gelators based on sugar molecules were explored, these were synthesised according to literature procedures (Figs. 1, 2 Tables S1, S2 ). The ionic liquids represent a wide range of common cation ( Fig. 9 ) and anion ( Fig. 5 ) combinations. Tables S1 and S2 ). All LMWGs tested in this study were soluble in the ionic liquids, with some ionic liquids dissolving the LMWGs at room temperature without sonication and some after sonication and heating. Dissolution of the LMWG in the ionic liquid is a necessary step in
the formation of molecular gels. A common method used in molecular gel formation, is the heating/cooling method. In one example Shinkai and co-workers 10 The colour varied, and was dependent on the initial colour of the ionic liquid, and the gels ranged from clear, to opaque/cloudy. The cloudiness of the gel may be attributed to a precipitation of larger crystals of LMWG as the ionic liquid cooled. Opaque gels could frequently be made clear by cyclic heating, (successive heat/cool cycles). Gel stability was assessed by tube inversion "the least ambiguous method". 30 If the gel did not flow and showed no signs of leakage it was deemed stable (stable to inversion). The gels had good stability at room temperature with most of the gels still stable to inversion several months later, even at low wt. % (2 wt. %). 20 ionic liquids formed gels which were stable a year after forming. This compares to other groups who reported their gels stable for several months, 26 and two years. 12 The sol-gel transition temperature (gel temperature) was found to be around 80 °C for gels formed with gelator 2 (ESI S4.2 DSC). This is comparable to the gel temperature found for 2 in the literature 26 32 A minority of the samples were found to resist gel formation. Any factor which prevents the formation of the 3D network will prevent the formation of a gel. In an organic solvent this disruption could be caused by steric or electronic factors. With an ionic liquid the effect of cation, anion (complicated by the fact that there is contribution from both the cation and anion) steric limitations and ion combinations could all affect gelation. In an ionic liquid the cation is considered to be the hydrogen bond donor the anion a hydrogen bond acceptor. The ring (imidazole) contributes to π Stacking while addition of an alkyl chain can yield Van der Waals interactions.
The effect of the anion on gel formation.
To study the effect of the anion on the gelation properties of the ionic liquids, a range of anions were studied keeping the cation 34 were not able to form gels even at 10 wt % of 2. These anions are extreme hydrogen bond acceptors, able to saturate the hydrogen bond donors of the gelator even when the wt. % of gelator increases. A β value could not be obtained for the docusate anion. However, comparing it to the high values of other similar long chain alkyl-sulfonates 36 would indicate that its β value would also be very high. This high β value, combined with its steric bulk, may account for its inability to form gels at 10 wt. %. This effect was observed previously using gelators 2 and 3, with oils (sunflower, palm, silicon and paraffin (c15-40). 26 Oils which compete for hydrogen bonds did not gel, or formed weak gels. The majority of ionic liquid containing gels have the IL as the Liquid (continuous) phase. There are some notable examples of ILs and organic salts (diimidazolium salts) being used as gelators for solvents (dispersed phase) organic solvents and water (organogels,hydrogels). 23 When investigating the ability of some diimidazolium salts to form gels with a variety of solvents (alcohols, acetonitrile, toluene acetone and water) they noted that the nature of the anion had a bigger effect on gel formation than the cation and that dianions further enhanced gel formation. It has also been postulated that ionic liquids or organic salts only gel organic solvents when the anion and cation interact well. 23 
Fig. 5. Range of anions used.
The effect of the cation on gelation.
As with the anion, steric factors appear to play a smaller role than the electronic factors. However unlike the anion, the cation effect is generally dominated by hydrogen bond donation indicated by the α value (ESI Table S2 ). A range of cations were explored (Fig. 9) 12 found that LMWGs which gelled organic solvents were often insoluble in ionic liquids. The longer alkyl chain may increase solubility of the LMWG in the ionic liquid due to an increase in π* character which is largely associated with stabilise solvated species. 19, 22 As noted previously, dissolution of the LMWG is essential for gelation so the longer alkyl chain may facilitate gelation. Figures 7 and 8 show a schematic for the possible mechanism for these occurrences. Ionic liquids with bulk in one direction may be able to fit without disrupting the supramolecular network and thus preventing gelation. Ionic liquids with bulk that extends in more than one, or in all directions, push the gelator molecules far apart, preventing them from forming a network and therefore preventing gel formation. Fig. 9 . Range of cations used.
Effect of ion combinations
The hydrogen bonding abilities of the ions are assessed separately and we observed that, as the ionic liquid is in excess, a strongly hydrogen bond donating cation or a strongly hydrogen bond accepting anion saturates the LMWG and prevents it forming a 3D network and hence, a gel. It has already been noted how the main interactions in an ionic liquid are ionic, however there is also a substantial hydrogen bonding component as well. We included in our screening ionic liquids in which the cation is a strong hydrogen bond donor and the anion is a strong hydrogen bond acceptor. the gelator molecules allowing the gelator to form a 3D network. The α and β values must be closely matched to observe this effect. We therefore propose that minimising the interaction of the ions with the gelator leads to stable gel formation with gelator 2.
Contribution of the 3 gelators, LMWG Comparisons.
In the crystal structure of gelator 1 25 there are two possible hydrogen bonds between ring oxygens and acidic hydrogens, of 1.6 Å, a length associated with medium strength hydrogen bonds. 43 Overall 1 is a poorer LMWG than 2 (ESI Tables S2 and S3 (Fig. 2) . Both of these LMWGs are based on a D-mannitol backbone 2 has two cyclohexyl ketal groups while 3 has two isopropyl ketal groups. It might have been assumed that the larger cyclohexyl groups would hinder aggregation of the gelator molecules and therefore prevent gelation. Here the opposite effect was observed. Generally 2 is able to gel ionic liquids at lower wt. . Each of these ionic liquids were gelled by 2 wt. % of 2. In contrast 2 wt. % of 3 exclusively formed solutions and 4 wt. % of 3 was required to form a gel states. This effect has also been observed when using 2 and 3 with organic solvents (organogels). 26 An explanation could be that the larger cyclohexyl units prevent conformational freedom which improves preorganization of the gelator molecules, an effect which has been reported to aid gelation. 44 This allows for easier aggregation of the molecules in solution to form a 3D network. 3 is less bulky so has more conformational freedom allowing the 3D network it forms to be broken up more easily than 2. There would also be increased van der Waals' interactions which, may have a significant effect in LMWG aggregation, particularly for larger molecules.
General experimental details LMWG
Three LMWGs gelators were synthesised as per literature procedures. 25, 26 Specific synthetic methodology and characterisation of 1, 2 and 3 are included in the Electronic Supplementary Information (ESI S3 and S4).
Standard gelation tests method
An accurately weighed amount of LMWG (~0. 
Conclusions
The formation of a wide range of molecular ionic liquid gels has been achieved using cheap, sustainable, and easily synthesised sugar-based LMWGs. 21 ionic liquids were found to form gels with 3 such gelators. This class of reversible gels are of significant interest in electrochemical applications. 13, 14 The ionic liquids' thermal stability was improved by the addition of the LMWGs.
Gels were successfully formed with imidazolium, pyridinium, phosphonium and ammonium based ionic liquids. As the cation size was increased, the wt. % of LMWG required for gel formation needed to be larger. The hydrogen bonding ability of the ionic liquids was found to greatly influence gelation. In the case of the cation, as the value for α was increased, corresponding with an increased strength of hydrogen bond donation, a higher wt. % of gelator was required to form stable gels. No gel was formed when the anion was strongly hydrogen bond accepting (with a large β value formed gels at the lowest concentration of gelator 2 (2 wt. %). It was also noted that in ionic liquids where the cation was a strong hydrogen bond donor and the anion a strong hydrogen bond acceptor there was less disruption to gel formation. This prompts caution as the investigator should not solely look at the values for α or β in isolation. In this study we observe that less interaction between the IL and the gelator appears to promote more successful gel formation. The size of the cation has a lesser effect on gelation than hydrogen bonding interactions. Ionic liquids that extend in many directions appear to disrupt gelation more than a single long alkyl chain. All 3 LMWGs tested (1,2 and 3) exhibited ability to gel ionic liquids. Gelator 2 was the most inclusive LMWG for the ionic liquids tested. This is partly due to a decrease in polarity, a decrease of conformational freedom, and an increase in van der Waals' interactions. Having a greater understanding of the strengths and limitations of low molecular weight ionic liquid gel formation could support the design of functionalised low molecular weight ionic liquid gels for use in chemocatalysis and biocatalysis, environmental clean up, metal recovery, pharmaceuticals, and electrochemical devices such batteries, capacitors and solar cells.
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